A solution of ester (1.0 g) in MeOH (5 ml) was stirred with 0.49 g of aqueous NaOH (50% w/w) at 21°C. After 4 h, the reaction mixture was concentrated under reduced pressure and the remaining solid was suspended in isopropanol, filtered, and washed with isopropanol to give the products (E)-and (Z)-1a as the sodium salt.
(E)-3-Cyano-5-methylhex-2-enoic acid [(E)-1a sodium salt]: (E)-ethyl 3-cyano-5-methylhex-2-enoate [1] (1.0 g) was hydrolyzed according to general procedure A to give (E)-1a sodium salt as a white solid (0.36 g, 37%); 1 H NMR (400 MHz, D 2 O) δ 6.62 (s, 1H), 2.16 (d, J = 7.2 Hz, 2H), 1.73 (m, 1H), 0.77 (d, J = 6.5 Hz, 6H); 13 C NMR (100 MHz, D 2 O) δ 172. 1, 142.2, 120.2, 116.8, 38.4, 27.0, 21 (Z)-3-Cyano-5-methylhex-2-enoic acid [(Z)-1a sodium salt]: (Z)-ethyl 3-cyano-5-methylhex-2-enoate [1] (1.0 g) was hydrolyzed according to general procedure A to give (Z)-1a sodium salt as a white solid (0.50 g, 52%); 1 H NMR (400 MHz, D 2 O) δ 6.37 (s, 1H), 2.08 (d, J = 7.1 Hz, 2H), 1.76 (m, 1H), 0.78 (d, J = 6.7 Hz, 6H); 13 C NMR (100 MHz, D 2 O) δ 171. 4, 142.6, 119.6, 118.6, 42.9, 26.8, 21 added to a solution of cyanoacetic acid (20.0 g, 0.235 mol) in pyridine (200 ml). Pyrrolidine (4.0 g, 0.056 mol) was then added and the resultant yellow solution was stirred overnight at room temperature. 50% Glyoxylic acid solution (34.8 g, 0.235 mol) was added and the solution stirred for 4.5 days at ambient temperature. The solution was poured into a mixture of conc. HCl (240 ml), water (400 ml) and toluene (200 ml). The toluene layer was separated, washed with warm water (150 ml) and combined with a toluene back-wash (100 ml) of the original aqueous quench solution.
The toluene solution was concentrated to approximately 70 ml and stored overnight at -18˚C. The product was filtered and washed with toluene and dried to afford (E)-1b (7.8 g, 22%) as a white was added and the reaction stirred for 1 h. The reaction mixture was poured into a mixture of conc.
HCl (60 ml) and H 2 O (100 ml) and extracted with EtOAc (2 x 100ml). The combined organic layers were dried over anhydrous MgSO 4 , filtered and concentrated in vacuo to give crude 3 as a white solid (15.30 g, 94%). (Z)-1b potassium salt: Crude 3-cyano-2-hydroxy-5-methylhex-3-enoic acid (5, 13.4 g) was dissolved in MeOH (200 mL) and treated with K 2 CO 3 (27.3 g). The suspension was stirred at ambient temperature overnight and filtered. Concentration of the filtrate gave (Z)-1b potassium salt as a white crystalline solid (15 g, 100% rac-3-Cyano-5-methylhexanoic acid (rac-2a sodium salt): rac-ethyl 3-cyano-5-methylhexanoate [1] was hydrolyzed according to general procedure A to give rac-2a sodium salt as a white solid (0.63 g, 55%); 1 H NMR (400 MHz, CD 3 OD) δ 3.16 -3.08 (m, 1H), 2.51 (dd, J = 15.6, 7.8 Hz, 1H), 2.40 (dd, J = 15.6, 6.8 Hz, 1H), 1.88 -1.79 (m, 1H), 1.63 -1.56 (ddd, J = 13.6, 10.9, 5.0 Hz, 1H), 1.46 -1.40 (ddd, J = 13.6, 9.4, 5.0 Hz, 1H), 1.00 (dd, J = 6.4, 5.7 Hz, 6H); 13 C NMR (100 MHz, D 2 O) δ 178. 5, 124.2, 39.95, 39.85, 26.8, 25.7, 22.1, 
3-Cyano-2-hydroxy-5-methylhex-3-enoic acid (5):

GC-analyses
Chiral and achiral GC analyses were carried out using a Hydrodex-β-TBDAc capillary column (25 m x 0.25 mm id). Injector temperature: 250 °C, flow rate: 0.8 mL/min. The method was 140 °C hold 10 min, 10 °C min -1 to 160 °C, hold 10 min. Chiral GC analyses were also carried out using a Chiraldex G-TA column (30 m x 0.25 mm id). Figure S1 . Optimization of pH and buffer type of bioreduction.
Molecular Modeling Studies
For docking studies, chain A of the structure of OPR1 (PDB code: 3HGR) was used as a monomer.
All steps were carried out using the Schrödinger Maestro package (Maestro version: 9.3.023
MMshare version: 2.1.023). The protein structure was prepared after deleting all ligands and water molecules with Protein Preparation Wizard (PPW) and the missing residues in loop β6 were added with Prime (Glu11, Asp12, Lys21, Lys279, Thr290, Lys351, Glu373 kcal/mol were used for docking. The grid was generated using Glide and ligands were docked using extra precision mode. The best structure of (E)-3-cyano-5-methylhexa-2,4-dienoic acid [(E)-2a] with a docking score of -3.904 was selected. No binding mode with a flipped orientation of the activating group (i.e. hydrogen bonding of the carboxylate instead of the nitrile to His187 and His190) was obtained. 
